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Abstract

Under the Six Sigma framework, this study implements the DMAIC (Define—-Measure—Analyze—Improve—Control)
methodology to methodically mitigate defects in a tissue manufacturing process. Process variability, machine
limitations, and operational inefficiencies are inherent factors that contribute to quality deviations and elevated
production costs in manufacturing systems. The primary goal of this research is to quantitatively assess the
performance of the process and to implement engineering-based interventions that will reduce the occurrence of
defects and improve operational efficiency. Based on the baseline analysis, the average defect rate per production
cycle was 3.0% to 5.0%, which amounts to an estimated monthly loss of 94,000 to £157,000. Process mapping,
Pareto analysis, and statistical tools were implemented to quantify critical performance indicators, including
productivity rate, defect frequency, and process stability. The primary contributors to deterioration were identified as
machine-related factors and process inconsistencies through root cause analysis. Mechanical modification and process
optimization of the rewinding system were employed to implement engineering enhancements. The results of the post-
implementation phase indicated a decrease in the defect rate from 4.2% to 1.6%, which amounts to a 61.9%
enhancement in quality performance. On the other hand, disposal costs decreased by approximately 38%, while
productivity also increased. A statistically significant difference was observed between the pre- and post-
implementation results (p < 0.05) according to the t-test used for statistical validation. The enhanced process stability
and reduced variability were further confirmed by control charts. The results verify that the integration of DMAIC
methodology with engineering analysis and statistical validation establishes an efficient framework for process
optimization and defect reduction. The study underscores the importance of mechanical process enhancement and
data-driven decision-making in the pursuit of sustainable quality improvement in manufacturing systems. The results
provide a scalable model for operational excellence and continuous development in industrial production
environments.
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1. Introduction

In the contemporary global manufacturing market, operational efficiency and product quality are critical determinants
of business sustainability and customer satisfaction. Maintaining standards becomes increasingly complex,
particularly in fast-paced production environments where even minor inefficiencies can result in huge losses. These
inefficiencies not only increase costs though also induce operator fatigue, which further impacts product quality and
total output. As a result, incorporating data-driven decision-making enables companies to identify root causes of
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inefficiencies and prioritize improvements based on quantifiable impact, a principle embedded in Lean Six Sigma
methodologies.

Among the various types of production waste, defects are considered one of the most critical, not only leading to
material losses but also requiring additional time, labor, and resources to correct (Astutik et al., 2022). Considering
these factors, application of DMAIC phases— Define, Measure, Analyze, Improve, and Control- where errors, defects,
delays, extra-processing, and other wastes (DOWNTIME) or 8 Muda are eliminated through methodical steps. While
other Six Sigma methodologies such as DMADYV and IDOV are suitable for designing and developing new products
or systems, the DMAIC methodology is most applicable to improvement projects that aim to reduce variation in
existing processes, enhance performance, and optimize resource utilization (Al-Fadhli et al., 2022).

According to Liu et al. (2020), improving and ensuring the machine reliability and maintenance of Rewind Machines
offers positive solutions to support growing demand and improve production efficiency in a tissue manufacturing
industry. Coreless rewinding systems are equipment that rewinds tissue paper without the use of cardboard core and
are designed with tension control, web guiding, and automated roll formation features.

The converting company focuses on producing tissues and table napkins, while operating in morning and night shifts,
having a total of 24 hours a day from Mondays to Saturdays. Among their nearly daily production, they have an
average 3% to 5% rate of defects among each production run. When converted, the given percentage data is equivalent
to an estimated cost of 94,348.08 to P157,248.00 in a month. These defects are considered spoilage, described as
unrefined tissue trimmings. Other wastes include crumpled tissues and torn tissue rolls, and the company’s approach
to handling the spoilage is to compress the scraps into a compact cube to be sold to other clients at a lower cost.

Furthermore, through a pre-assessment survey for both operators and customers, results were gathered to provide
insights. Moreover, customers that use their products report that the quality of the tissue products is great and reliable
to buy and use. On the contrary, some find minimal tissues that are crumpled or torn.

1.1. Objectives

This study focuses on applying the DMAIC methodology to evaluate production processes and facilities as well as to
reduce defects, identifying and addressing key challenges impacting operational efficiency and contributing to waste
occurrences. Specifically, it intends to explore and address the following objectives: (1) To define the current situation
and key operational issues encountered by the incorporation by assessing the existing process through: 1.1 Process
Mapping; 1.2 Pre-Assessment Survey; (2) To measure the performance of production processes and outputs of the
incorporation in terms of: 2.1 Productivity Rate; 2.2 Production Costs; 2.3 Occurrences of various types of defects for
prioritization using Pareto Chart; (3) To analyze the root causes of the identified problem using: 3.1 Cause and Effect
Diagram; 3.2 Why-Why Analysis; (4) To improve existing production process by integrating an adjustable roll stopper
in a tissue rewinding machine to streamline operation and reduce spoilage through the execution of short-term
implementation and pilot testing aiming: 4.1 Decrease in Defect Rate; 4.2 Process Improvement and Efficiency; 4.3
Reduce in Disposal Cost; (5) To control the effectiveness of the proposed solution and improvements in reducing
defects through: 5.1 Assessing the prototype in terms of functionality, effectiveness, and efficiency; 5.2 T-test for
determining and comparing the difference between pre-assessment and post-assessment; 5.3 Utilizing Control Chart
to monitor changes in amount of wastes; 5.4 Applying Control Plan to outline the actions performed to ensure that
improvements were sustained, process is in control, and defects were reduced.

2. Methods

2.1 Research Design

The study made use of mixed-methods research design which involves both quantitative and qualitative designs.
Particularly, the study employed Quasi-Experimental Design and Descriptive Design, that is suitable for pre-
assessment and post-assessment to distinguish changes and improvements from the beginning to the end.

2.2 Subject of the Study

The employees of the company are the focus of the study, and employed a stratified random sampling approach,
wherein the respondents were chosen based on their classifications such as employees or customers. Through Raosoft,
the appropriate sample size was determined to be 108 employees, which was set to a 90% confidence level and a 5%
margin of error.
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2.3 Data Gathering Instrument

The researchers evaluated several business elements and performed a preliminary review of the production activities
through the following data instruments: Raosoft, Survey Questionnaires, Semi-Structured Interviews, Microsoft
Excel, Video and Image documentation. In addition, the following Quality Control Tools are used to better measure
the data; Process Mapping, Pareto Chart, Cause and Effect Diagram, Control Charts, and Control Plans.

2.4 Data Gathering Procedure

Once the letters for approval of partnership have been noticed and approved, the researchers were permitted to
conduct data collection to workers and selected customers a pre-assessment survey during breaks. Subsequently,
observations will be conducted inside the production facilities to identify problems or inefficiencies, combined with
interviews and recorded by notes, digital records, Excel, and documentation through photography and videos.

2.5 Data Analysis

The analyzation methods used in interpreting and examining the data of the study are the following: Sample Size
Calculation, Weighted Mean, Likert Scale, Content Analysis, Visual Analysis, Document Review, Pareto Analysis,
Why-Why Analysis, Comparison of pre-assessment and post-assessment using T-Test, and Statistical Process
Control.

3. Results and Discussion

This study includes defining the current situation and existing process, measuring production processes and outputs,
analyzing root causes of the problem, improving the current process with the proposed solution for spoilage reduction,
and controlling the effectiveness of the solution or improvement.

1. To define the current situation and key operational issues encountered by the incorporation by
assessing the existing process through:

1.1 Process Mapping

Figure 1 displays the process map for a coreless rewind machine, identifying a streamlined workflow starting with
unwinding of parent rolls and ending with the rolling sheets, cutting, inspection, and packaging. However, there have
been recurring issues in the “Unwinding, Rewinding and Rolling Tissue Logs” section.

LOADING TISSUE FIBER IN UNWINDING
MACHINE

{

I UNWINDING, REWINDING, AND ROLLING |

| TRANSFERING TO STORAGE

[ ecvoncmossune |

DISPOSE DEFECTS

| LOADING TsSUE LoGS |

!}

| curTiNG TIssUE RoLLs

DISPOSE DEFECTS.

Figure 1. Process Mapping

1.2 Pre-Assessment Survey
The result of the pre-assessment survey indicated perspectives from both the operators and customers, detailing the
current state of the tissue production process and the quality of the final product.
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Table 1. Operator’s Quality Control Pre-Assessment Survey

Respondents Level of Agreement Response Rate (%)
Lubos na Sumasang-ayon (Strongly Agree) 0
Sumasang-ayon (Agree) 88.5
Operator Hindi Sumasang-ayon (Disagree) 11.5
Lubos na Hindi Sumasang-ayon (Strongly Disagree) 0

Table 1 indicates that 88.5% of operators agree (Sumasang-ayon) that they still face defects and excessive spoilage
in production handling, while 11.5% disagree (Hindi Sumasang-ayon). These findings suggest clear opportunities for
making operational process improvements to reduce inefficiencies and enhance the product quality.

Table 2. Customer’s Product Experience Pre-Assessment Survey

Respondents Level of Agreement Response Rate (%)
Lubos na Sumasang-ayon (Strongly Agree) 0
Sumasang-ayon (Agree) 68.2
Customer Hindi Sumasang-ayon (Disagree) 31.8
Lubos na Hindi Sumasang-ayon (Strongly Disagree) 0

Table 2 presents 68.2% of customers Agree (Sumasang-ayon) that the tissue products they purchased as generally
reliable and of good quality. However, 31.8% disagreed (Hindi Sumasang-ayon), indicating crumpled or torn tissues
which emphasized more quality control in manufacturing and packaging.

2. To measure the performance of production processes and outputs of the incorporation in terms
of:

2.1 Productivity Rate

The researchers gathered the number of outputs that the company produces in 14 days, specifically in the coreless
rewinding machine.

Table 3. Production Output from September 1, 2025, to September 14, 2025

Days Outputs per Piece (Before) Days Outputs per Piece (Before)
1 145 8 326
2 236 9 238
3 218 10 269
4 263 11 281
5 284 12 279
6 67 13 2
7 47 14 0
Total
2,655

Table 3 shows the total output being produced each day in two weeks, from the first to second week of September
2025. The highest number of outputs produced was on the 8th day, with a total of 326 pieces of output. Meanwhile,
the lowest number of outputs produced was on the 14th day wherein no operations were conducted, leading to zero
(0) outputs, since Day 14 is Sunday, which is the allotted day for maintenance or repair activities. The company
produced a total of 2,655 coreless tissues in the first two weeks of September prior to the implementation.

Productivity Formula
Total Output

Total Input

2,655 units
98 hours

Productivity = , Pre-implementation = = 27.09 units/hr

Upon obtaining productivity using the formula, the company can produce approximately 27.09 units per hour.
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2.2 Production Costs

The researchers gathered the available data from the company to compute the estimated production cost per day from
the first week to second week of September 2025. The price of the virgin pulp that serves as the primary material and
the material cost to produce coreless tissues is equivalent to Php 28.00 per kilogram.

Table 4. Production Cost

Days Outputs (Pieces) Pulp used in kg Response Rate (%)
1 145 21.75 609.00
2 236 35.40 991.20
3 218 32.70 915.60
4 263 39.45 1,104.60
5 284 42.60 1.192.80
6 67 10.05 281.40
7 47 7.05 197.40
8 326 48.90 1.369.20
9 238 35.70 999.60
10 269 40.35 1,129.80
11 281 42.15 1,180.20
12 269 41.85 1,172.00
13 2 0.30 8.40
14 0 0.00 0.00

Total 2,645 439.85 12,315.80

Table 4 exhibits the representation of the amount of tissue pulp used in kilograms from the span of 14 days, with an
estimated total production cost of Php 12,315.80 with 2,655 outputs produced.

2.3 Occurrences of various types of defects for prioritization using Pareto Chart

Pareto Chart Analysis

Figure 2. Pareto Chart

Figure 2 shows that the spoilage trims have the highest number of occurrences, with a total of 812. The spoilage trims
build up 80.2%, which suggests that the spoilage trims are the main problem regarding defects and the type of defect
that must be prioritized to solve and improve.
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3. To analyze the root causes of the identified problem using

3.1 Cause and Effect Diagram
The cause-and-effect diagram or fishbone diagram was used to state all potential causes of the issue to spoilage.

(Ewvieonment)  (MacHiNe)  ( MAN )

SPOILAGE

(vensurenent)  (aTeRIAL)  ((METHOD )

Figure 3. Ishikawa Diagram

Figure 3 shows the fishbone diagram that displays the potential root causes of the problem, specifically spoilage. The
researchers considered the lack of an adjustable stopper at the ends of the machine and proposed a design as the
solution to resolve the problem.

3.2 Why-Why Analysis
The researchers also conducted a Why-Why Analysis to find the primary root cause and strengthen the analysis in
determining possible factors that result in spoilage through asking multiple questions of “why?”.

RODT CAUSE

sssssssssssssssssssss
AN ADJUSTABLE STOPPER
DURING OPERATION

]

Figure 4. Why-Why Analysis

Figure 4 above depicts the why-why analysis which shows that spoilage occurs because the log ends of the tissue are
unevenly cut, leading to unrefined ends. In line with this, the ends of the tissue logs are also soft and delicate, making
it unstable. The researchers discovered that the design of the machine lacks an adjustable stopper that can stop and
stabilize the tissue at each end of the tube.

4. To improve existing production process by integrating an adjustable roll stopper in a tissue
rewinding machine to streamline operation and reduce spoilage

After identifying the problem and pointing out the root causes of spoilage, the researchers designed and developed
an adjustable stopper at the ends of the tube attached in the coreless tissue rewinding machine (Figure 5).

Figure 5. 3D Image
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Figure 5 above illustrates the three-dimensional image of the adjustable stopper that serves as a solution to minimize
spoilage count and smoothen the edges of the coreless tissue while undergoing the rewinding process. The product is
attached to both ends of the tube in the rewinding machine and begins to function after the operator places the stopper
into the ends of the tube before the rewinding process starts.

4.1 Decrease in Defect Rate

Defects per day Before Implementation Defects per day After Implementation
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Figure 6. Defects per day Before and After Implementation

Figure 6 displays the number of defects per day before (left) and after (right) the implementation of the proposed
solution. Before implementation, the 3rd day has the highest number of spoilages with a total amount of 75. On the
other hand, after integrating an adjustable stopper at the ends of the tube attached on the tissue rewinding machine
for another fourteen (14) days of implementation, the number of spoilages per day decreases. The highest number of
defects became 31 after the prototype was applied in the process. The rate of change shows that the spoilage count
was reduced by 60.56%, signifying that the implemented solution was effective in decreasing spoilage.

4.2 Process Improvement and Efficiency

Productivity Rate

The researchers also gathered data regarding the number of outputs produced during the 14 days of implementation
to measure the productivity performance of the operation.

Table 5. Production Output from October 3, 2025, to October 16, 2025

Days Outputs per Piece (Before) Days Outputs per Piece (Before)
1 231 8 237
2 241 9 244
3 0 10 0
4 233 11 249
5 243 12 236
6 229 13 247
7 231 14 230
Total
2,851

Table 5 above shows the collected data about the production output after the (14) days implementation with a total
of 2,851 coreless tissues. The 11th day has the highest number of outputs with a total of 249 outputs, while the 3rd
and 10th days have the lowest with zero (0) outputs due to various factors such as no operations, maintenance
activities, or absence of operators.

Productivity Formula
Total Output

Total Input

2,851 units
98 hours

Productivity = , Pre-implementation = = 29.09 units/hr
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The data depicts that there is an increase in the productivity of the process after integrating the adjustable stopper in
the machine; the productivity increases up to 29.09 units per hour.

Time Study
The time study provides an overview of operational efficiency before and after implementation to further validate if
there would be a significant difference, in terms of time, in integrating the stopper.

TIME STUDY SUMMARY

102.50

seconds (Standard Time)

Before After

Figure 7. Time Study Summary

Figure 7 summarizes the Coreless Machine Time Study, with a total of 20 observations for pre-implementation
(current process) and another 20 observations during the implementation of stopper. The red line indicates the
computed standard time of 110.04 seconds. The total standard time derived from time study increased from 78.41
seconds to 102.50 seconds during the integration of the stopper. The observed standard time does not exceed the
computed actual standard time, which signifies that the longer duration time does not affect efficiency.

Post Assessment

The post-assessment survey result reveals the viewpoints of both the operators and customers in terms of the
improvement seen in the tissue production process and the quality of final products after the addition of stopper on
the roller used.

Table 6. Operator’s Quality Control Post-Assessment Survey

Respondents Level of Agreement Response Rate (%)
Lubos na Sumasang-ayon (Strongly Agree) 51.40
Sumasang-ayon (Agree) 48.60
Operator Hindi Sumasang-ayon (Disagree) 0
Lubos na Hindi Sumasang-ayon (Strongly Disagree) 0

Table 6 reveals that 51.40% of operators Strongly Agree (Lubos na Sumasang-ayon) and 48.60% Agree (Sumasang-
ayon), that implementing the stopper in the production process improved their workflow. This demonstrated high
confidence that the process has improved tissue roll alignment and consistency, despite adding another step in the
process, contributing assurance in minimizing defects.

Table 7. Customer’s Product Experience Post-Assessment Survey

Respondents Level of Agreement Response Rate (%)
Lubos na Sumasang-ayon (Strongly Agree) 88.90
Sumasang-ayon (Agree) 11.02
Customer Hindi Sumasang-ayon (Disagree) 0
Lubos na Hindi Sumasang-ayon (Strongly Disagree) 0

Table 7 shows that 88.98% of the customers Strongly Agree (Lubos na Sumasang-ayon) and 11.02% Agree
(Sumasang-ayon) that the quality of the tissue rolls is better after the changes were made. This reflects a high level
of positive regard for the product, indicating a smoother and more uniform roll.
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4.3 Reduce in Disposal Cost
Prior implementation, Figure 8 shows the total disposal cost is Php 4,260 while after implementation the disposal

cost is Php 1,680. The data signifies the effectiveness of the implementation in terms of reducing defects and cost, as
well as improving performance output. The rate of change shows a 61% decrease in disposal cost.

DISPOSAL COST (2 WEEKS)

5000

4000 4,260 php

3000

Cost in Peso

2000

1000

Before After

Figure 8. Disposal Cost Summary

5. To control the effectiveness of the proposed solution and improvements in reducing defects

through:
5.1 Assessing the prototype in terms of functionality, effectiveness, and efficiency
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Table 8. Assessment Overview in terms of Functionality, Effectiveness, and Efficiency

adjust.

Criteria Yes | No Needs Comments
Improvement

A. Functionality

1. The Stqpper activates at the correct point Minor calibration for smoother
of the rolling process to prevent /

o response

misalignment.
2. Th'e system' or mechamsm of the gtopper / Operates reliably
is reliable during continuous operation.
3. The prototype integrates properly with / Acceptable integration with
existing systems or processes. slight adjustments for alignment
B. Effectiveness

1. The Stopper effectively reduces defects
such as uneven winding, wrinkles, or excess / Noticeable reduction in spoilage
roll length.
2. Output quality shows noticeable / Improved output consistency;
improvement after implementation minor issues at high speeds
3. The prototype contributes to achieving
consistent product dimensions and / Achieved better roll and stability
uniformity.
C. Efficiency

L. The S topper decreases cycle time by Slight time increase due to added
maintaining a smooth and controlled flow of / . .

. stopper removal/installation step
tissue rolls.
2. Energy and material waste are reduced / Waste reduced and energy
due to more accurate stoppage control. consumption remains consistent
3. Maintenance requirements are minimal, . .. .

. . Needs improvement in insertion

and the mechanism is easy to clean or /

of stopper in secondary roller

Table 8 displays the assessment of the product in terms of its functionality (A), effectiveness (B), and efficiency (C).
Wherein, in terms of functionality (A), the stopper is functioning as intended to prevent tissue misalignment and
demonstrating the same functionality; in terms of effectiveness (B), the integration of stopper adopted well to the
existing process of coreless with slight modification specifically during stops and starts; lastly, in terms of efficiency,
the stopper improved accuracy and reduced defects, it slightly extended the overall cycle through with the added step

of removing and reinstalling of the stopper.

5.2 T-test for determining and comparing the difference between pre-assessment and post-

assessment

The researchers utilized Paired Sample T-Test using the two sets of data gathered before and after the implementation
to determine if the proposed solution brought a significant improvement in reducing spoilage. T-test can assure if the
difference is only by a random chance or indeed has a real causation that must be addressed.
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Table 9. T-test Summary

Statistics Value
Number of Samples 14
Mean Difference 12.29
Standard Deviation Difference 13.59
SE Mean Difference 3.64
t-value 2.07
p-value ~ 0.058
Degrees of Freedom 13
teritical 1.771
Decision Reject Null Hypothesis
. Number of spoilage decreased after implementation of the
Conclusion .
solution

Table 9 presents the summary of the T-test conducted in determining the significant difference between two sets of
data. Since a one-tailed test was used and the degrees of freedom is 13, the critical t-value is 1.77. Furthermore, the
computed t-value is 2.07. Since the computed value is greater than the critical value, the null hypothesis shall be
rejected. Therefore, there is a significant reduction in the number of spoilage after the implementation of the proposed
solution. The prototype that served as a solution brought improvements in decreasing the spoilage count.

5.3 Utilizing Control Chart to monitor changes in amount of wastes

Number of Defects Before Implementation Number of Defects After Implementation
3 sigma (99.73%) Control Chart 3 sigma (99.73%) Control Chart
80 80
70
60 60
50
2 w0 3 a0
/a \ a
“““ N 50" //\
‘‘‘‘‘‘‘‘‘‘‘‘‘
20 20
\ 10 S / \ Let
, v/ N , S~
1 304 05 6 7 8 9 10 1 12 13 14 1 3004 05 6 7 8 9 10 1 12 13 14
D: Day

Figure 9. Control Chart Before and After the Implementation

Figure 9 depicts some data points that go beyond the upper control limit which indicates variation and the number of
defects for the said sample is unusually high. The spoilage counts before (left), starting from days 1, 3, 4, and 5 are
higher than the normal or expected count of defects, which means there is a presence of special cause variation. The
data proves that the increase in the number of spoilage trims is indeed caused by a certain problem that needs to be
identified and solved. Conversely, the number of spoilages was reduced after (right) the proposed solution was
applied. The data points were within the control limits, and some exceed the lower limit, which signifies improvement
and reduction of spoilage. The data indicates that the new recorded number of defects are acceptable and within
control.

5.4 Applying Control Plan to outline the actions performed to ensure that improvements were
sustained, process is in control, and defects were reduced

The application of a control plan ensures that the control actions are planned, and evaluation methods are used to
ensure that the improvements stay as consistent as possible, highlighting a step-by-step process and individually
adding any specifications or tolerance when it comes to performing the operations.
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Figure 10. Control Plan

Figure 10 shows the control plan for the converting company to make sure that the rate of defects no longer reaches
beyond the upper limit. However, spoilage still has the chance to occur due to various factors.

5. Summary of Findings, Conclusion, and Recommendations
This chapter presents the study’s summary of findings before, during, and after the implementation.

5.1 Summary of Findings

(1) In the process of coreless tissue production, unwinding, rewinding, and rolling are the main value adding
activities. 90% of the operators agree that changes and ideas need improvement. 32% of the customers find that
product quality can be improved.

(2) The rate of production increased to 2,975. It costs Php 12,315.80 to produce 2,655 outputs. 80.2% of the defects
that contribute to waste are spoilage trims based on the Pareto chart.

(3) The Ishikawa Diagram shows the issue is a machine-based problem and the Why-Why Analysis reveals that the
machine's rolling process lacks support to stabilize during operations

(4) The defect rate is 56% decrease in spoilage (159 Defects Reduced) while the time study shows a new total standard
time of 102.50 seconds (24.11 sec added) and the disposal cost was reduced by 54% decrease (Php 2,245).

(5) The stopper was able to work effectively with minimal to no calibration as proven with the T-test rejecting the
Null Hypothesis and only 1 point of data exceeded the control limit. To further control and educate current and future
operators about the changes and impact of the stopper, a stopper manual and training for operators to effectively use
and maintain the stopper will be given.

5.2 Recommendation

Based on the findings and conclusions of the study, the researchers suggest the following recommendations for further
improvements: (1) other types of defects such as uneven cuts, wrinkles, torn tissues, loose core, and dirt must also be
addressed to totally eliminate wastes, optimize use of materials and resources, and minimize disposing due to defects
or rejects; (2) replacing the current rewinding machine with a new, updated, and advanced machine with an attached
stopper already installed since the current machine is outdated and needs calibration; (3) the design, structure,
formation, or development of the stopper can be further improved in terms of materials, composition, and physical
design. Additional technicalities as well as programming or coding can be added for an enhanced automation of the
product; (4) suggest training operators and maintenance personnel through proper training about the correct usage
and maintenance of the stopper as well as developing an easy to understand Standard Operating Procedures (SOP)
for operators’ guidance during the testing, utilization, or troubleshooting; (5) The company can also implement a
monitoring and feedback system to monitor the defect rates regularly as well as to gather feedback from operators;
(6) The adjustable stopper can be added to the standard production process of coreless tissue production.
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